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Types of Malarial Parasites.
Practically  all  authorities  agree  that  there  are  at least  three  dis-
tinct species  of  malarial parasites:  the tertian  parasite,  the  quartan
parasite,  and  the  aestivozautumnal  parasite.  This  classification  is
based  not  only  on  the morphological  and  biological  characteristics,
but also on the clinical manifestations.  A few observers have divided
the  sestivo-autumnal  fevers  into  two  groups,  one  causing  quotidian
fever, the other malignant tertian.  But no convincing morphological
basis has been established  for making  this  distinction,  and  Marchia-
fava and Bignami,1 who have  so divided  the Testivo-autumnal  fevers,
admit  that  they  are  "to be  distinguished  from  each  other  not  so
much  by  their  morphological  characters  as  by  the  mode  of  their
pathogenic  action  upon  man."
Malarial Parasites Recently  Described as New  Types.-In  1914  papers  were
published describing certain malarial parasites which were believed by the authors
to be new varieties,  Emin2 describes a parasite which he has named Plasmodium
ivax, variete minuta, but it is not my purpose to discuss Emin's parasite  in this
paper.
Stephens s named  the parasite  described  by him  Plasmodium tenure.  A  little
* Aided by  a grant  from The  Rockefeller  Institute for Medical  Research.
Marchiafava,  E.,  and  Bignami,  A.,  Malaria,  in Stedman,  T. L.,  Twentieth
Century  Practice,  New  York,  1900,  xix,  29.
2Emin,  A.,  Une vari6t6  nouvelle du parasite  de Laveran, Bull. Soc. path. exot.,
1914,  vii,  385.
3Stephens,  J. W. W., A New  Malarial  Parasite of Man, Ann. Trop. Med. and
Parasit.,  1914, viii,  119.
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later  he 4 published  another  article  apparently  referring  to  parasites  similar  to
those  described  by him  under  that name.
In order  to make a correct interpretation of the parasites  described
by  Stephens,  there  are  three  facts  that  the  observer  must bear  in
mind:  (1)  that  the  malarial  parasite  is  attached  to  corpuscular
mounds  on the  external  surface  of  the  red  corpuscle;  (2)  that more
than  one  parasite  may  be  attached  to  a  single  corpuscular  mound;.
(3)  that  the  nuclei  of  young  parasites  contain  a  large  amount  of
chromatin.
The  Extracellular  Relation of the Malarial Parasite  to  the
Red Corpuscle.'
All  malarial  parasites  are  extracellular  throughout  their  entire
life  cycle.  The  following  figures  show  the  external  relation  of  the
parasite  to the  red  corpuscle.  (a)  Parasites  attached  to  peripheral
corpuscular  mounds  (Figs.  3,  4,  5,  7,  11,  15  to  23,  42,  51,  56,  110,
to  112,  168,  237,  238,  242,  and 253);  (b)  parasites  on  the  periphery
of  the  infected  red  corpuscles  (Figs.  6,  9,  10,  21 to 33, 36  to 47,  49,
50, 54,  57 to 62,  66,  79, and 239 to 248; (c) parasites  attached  to  the
upper  or under  surface  of  red  corpuscles  with  nuclei  or  portions  of
their  cytoplasm  extending  beyond  the  periphery  of  the  corpuscles
to which  they  are attached  (Figs.  1, 2,  48,  52,  53,  55,  63  to  65,  67,
74,  76,  84  to  87, 91,  161 at o,  164,  203  at o,  249,  250, 254,  and 264);
and  (d)  red  corpuscles  with  Schiffner's  granules  but  no  parasites
(Figs.  68,  69  at  o,  70,  and  71).
(a) Malarial  parasites  capture  and  attach  themselves  to the outer
surface  of  the  red corpuscles  by means  of pseudopodia  arising  from
the cytoplasm  of  the parasites.  They maintain their position on the
external  surface  of  the corpuscles  by  encircling  one  or more mounds
of  hemoglobin  substance  squeezed  up  by  the parasites  for  the  pur-
pose  of attachment.  This interpretation  of  the relation  of the para-
4 Stephens,  On the Peculiar Morphological Appearances  of  a Malarial Parasite,
Ann.  Trop. Med. and Parasit.,  1915,  ix,  169.
6  The author has shown in previous publications that  the  malarial  parasite  is
extracellular.  ee Rowley-Lawson,  M.,  Arch. Int. Med.,  1912,  ix, 420;  J.  Exp.
eMd.,  1913,  xvii,  324; 1914,  xix, 450;  1915,  xxi,  584.
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sites  to the  corpuscles  is  verified  by the  mounds  being encircled  by
the  parasites  at  the  periphery  of  the  corpuscles.  These  parasites
admit  of  no  other  interpretation  than  that  they  are  on  the  outer
surface  of  the  corpuscles,  and it seems  unreasonable  to suppose  that
they  would  use  this  method  of  attachment  only  when  situated  at
the periphery  of  the  corpuscles.  Moreover,  it must  be remembered
that this  method  of  attachment  gives  the  only  rational  explanation
of  the  ring-forms.
(b)  Parasites  resting  on  the periphery  of  the  red  corpuscles  with
their  pseudopodia  encircling  peripheral  or  surface  mounds.
(c) Parasites with nuclei  or a portion of  their  cytoplasm  extending
beyond  the  periphery  of  the  corpuscles  to  which  they  are  attached,
show  these  conditions  so  clearly  that  even  the  most  confirmed  be-
liever  in  the  intracellular  theory  must  acknowledge  that  they  are
on  the  external  surface  of  the  corpuscles.  It  is  the nucleus  of  the
parasite  that  is  most  commonly  seen projecting beyond the periph-
ery  of  the  infected  corpuscle.  This  occurs  when  the  parasite  is
attached  to  a mound at or near the periphery of  the  corpuscle  (Figs.
1 to 3,  7, 18,  19,  50,  53,  67,  84,  91,  203 at o, and 237).
Parasites  partly  off  corpuscles  or  parasites  attached  to  the  sur-
face  of  corpuscles  with  their  bodies  resting  on  the  periphery,  are
most commonly  found  at the  time  of a parasitic  migration  when  the
parasite  is  either  abandoning  the  dehemoglobinized  corpuscle  or
attaching  itself  to  a fresh  red corpuscle  (with normal  color).
Occasionally  a  parasite  may  have  its  nucleus  or  a  portion  of  its
cytoplasm  drawn  off  the  infected  corpuscle  by  technique  without
appreciable  injury  to  the  corpuscle  (Figs.  46  to  49,  51  to  53,  55,
56,  58,  62,  74,  76,  85  to  87,  161,  164,  246,  249,  253,  254,  and
264).
(d)  Red  corpuscles  showing  Schiiffner's  granules  but  having  no
parasites  attached  to  them  may  occasionally  be  found  in  malarial
infections  (Figs.  68  to  71).
Schfiffner's  granules  differ  in  morphology  and  staining  reaction
from  Maurer's  dots  and  rings,  from  the  blue  stippling  of  red  cor-
puscles,  and  from  the  granular  corpuscular  skeletons.  The  follow-
ing  figures  show  that  the  granulations  of  these  corpuscles  without
parasites  are  not  to be  confounded  with other  stippling  or  granula-
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tion:  (a)  a  red  corpuscle  with Schfiffner's  granules  and  no parasite
next  to  a  red  corpuscle  with  SchUffner's  granules  and  a  parasite
(Fig.  71);  (b) a red corpuscle  with Schfiffner's  granules and no para-
site next  to a  red  corpuscle  with  blue  stippling  (Fig.  69);  (c) a  red
corpuscle  with  Schiffner's  granules  and  a parasite next  to  a corpus-
cular  skeleton or  dehemoglobinized  red corpuscle  (Fig.  73);  (d)  three
red  corpuscles  showing  Maurer's  dots  and  rings  (Figs.  78  to  80).
Two  of  these  corpuscles  are infected  by  mastivo-autumnal  parasites
(Figs.  78  and  79),  and  one  is  infected  by two young  quartan  para-
sites  (Fig.  80).
All  observers  at  present  agree  that  Schfiffner's  granules  are  al-
ways associated  with corpuscles which  harbor malarial  parasites; and
that the granules are the  effect of the actual presence of the parasites;
that  is,  the  parasites  must  have  been  attached  to  these  corpuscles
before  the  granulation  could  have  occurred.
It  might  be  suggested  that  these  granules  resulted  from  some-
thing other than the actual presence of an invading parasite; but such
an hypothesis  is  highly improbable.  The natural  supposition  would
be that the parasites had been attached  to the corpuscles long enough
to cause  the  granulation,  and  then,  for  some  reason  had  abandoned
them.  If  this  is  true,  the  invading  parasites  must  have  been  at-
tached to the external surface in order to have escaped without visible
injury  to  the contour  of the infected  corpuscles.
Ever since  Marchiafava  and  Celli6 decided  that malarial parasites  were intra-
cellular  because  they  never  observed  the pseudopodia  beyond  the periphery  of
the  infected  corpuscles,  few  observers  have  ventured  to  dispute  their  theory.
Mannaberg 7 did not consider  the young forms to be intracellular, and in referring
to Marchiafava  and Celli's findings,  he  states: "The  criticisms brought  forward
by  Marchiafava  and  Celli are  not a confirmation of their view, for the adhesive-
ness  of the parasites  would prevent  their ever, even during ameboid movement,
becoming  free  from  the  blood  corpuscles."
Schaudinn8 pictures  an adult  tertian parasite  with a portion  of its cytoplasm
6 Marchiafava  and  Celli,  quoted  from  Marchiafava  and  Bignami,  Malaria,
in Stedman,  T. L., Twentieth  Century  Practice,  New  York,  1900,  xix,  29.
7  Mannaberg,  J.,  Malarial  Parasites,  London,  1894,  276.
8  Schaudinn,  F., Studien iber krankheitserregende Protozoen.  II. Plasmodium
vivax  (Grassi  & Feletti), der  Erreger  des Tertianfiebers  beim Menschen,  Arb.  k.
Gsndhtsamtc.,  1902,  xix,  169,  and  Plate  V,  Fig. 86.
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extending  beyond  the  periphery  of  the  infected  corpuscle.  Gautier9 depicts
the  appearance  of  the  ring  projecting  beyond  the  cell.  And  Ewing ° states:
"It is generally  accepted  that  the tertian parasite lies within  the red cell yet, in
many tertian  cases  the  body and  especially  the  nucleus  of  the  parasite  appear
to  project beyond  the border  of  the cell,  even  more  distinctly  than in the case
of  the aestivo-autumnal  ring."  Loeffler"  shows  in  a colored  plate  three  young
iestivo-autumnal  parasites,  the  nuclei  of  which  project  beyond  the  periphery
of  the  infected  corpuscle.
Multiple Infection of Corpuscular Mounds.
The  second  fact to  bear in mind in order  to interpret  successfully
Stephens'  Plasmodium tenue  is  that  more  than  one  parasite  may
occupy  one  corpuscular  mound.
When more than one parasite is attached to one corpuscular mound,
and  the  cytoplasm  of  the  last  parasite  to  attach  itself  is  superim-
posed  over  that  of the  other parasite  or parasites,  one  may get  the
impression  of a  single  ring  with several  masses  of  chromatin.  This
is especially  true  in the  case  of  the young parasite where practically
all the cytoplasm  is required  to enable it  to  encircle a mound  (Figs.,
2,  8,  14,  119  at o,  125  at o,  and  143  at o).
This occurrence  has been variously  interpreted by many observers.
Emin,'2 in the description of  his new  parasite, gives  examples  of two
and  three  young  parasites  occupying  one  corpuscular  mound  and
interprets  the  condition  as  that  of  a  precocious  division  of  the
chromatin.
Many  of the pictures  of multiple  infection  of corpuscular  mounds
were  selected  so  that  the  parasites  occupying  that  position  could
readily be recognized  as individuals  (Figs. 7, 10  to  13,  22,  34, 35,  and
113),  and not  be interpreted  as  conjugating parasites  or single  para-
sites  with  more  than  one  chromatin  mass.
9 Gautier, quoted from Ewing, J., Malarial Parasitology, J. Exp.  Med., 1900-01,
v, 474.
10 Ewing,  Malarial  Parasitology,  J. Exp. Med.,  1900-01,  v,  474.
" Loeffler,  F.,  Malarial  Diseases,  in  Modern  Clinical  Medicine,  New York,
1910,  Colored  Plate H.
12 Emin, Une  vari6t6  nouvelle  du parasite  de Laveran,  Bull. Soc. path. exot.,
1914,  vii, Plate  IV, Figs.  3 to  5.
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The  Large Amount  of Chromatin in  the  Nuclei  of  Young  Parasites.
The  third  fact  to  remember  is  the  large  amount  of  chromatin
which  the  nuclei  of  young  parasites  contain.  I  think  that this  fact
is  readily  recognized  by most  observers.  To  illustrate  this  I  have
selected  pictures  of  young  estivo-autumnal  parasites  attached  to
red corpuscles  with  their nuclei  drawn  out by technique  beyond  the
periphery  of  the  corpuscles  to  which  the parasites are attached  (Figs.
85  to  87,  and  264).
These  examples  serve  to  illustrate  not only  the  large  amount  of
chromatin  in  the  nuclei,  but  prove  the  external  relation  of  these
parasites  to  the  red  corpuscles;  for  were  they  within  the  substance
of  the  corpuscles,  such  a condition  as that pictured  would  obviously
be impossible.
The entire set  of  nuclei  from  a segmenting  tertian organism  forci-
bly removed  from  the parasites  with strings  of chromatin  drawn out
by technique  (Fig.  83)  also serves  to illustrate  the enormous  amount
of  chromatin  contained  in the nuclei  of young parasites.
Parasites  Distorted by Technique (Plasmodium tenue).  (Figs. 92 to 269.)
Several  observers  have written  about  Stephens'  Plasmodium tenue
without giving a  rational explanation  of the peculiar  appearances  pre-
sented  by  the  parasites  illustrated,  but  criticizing  him  for drawing
his  conclusions  from  a  single  blood  film.  I  shall  now give  what  I
believe  to be  the  true interpretation  of  the  forms  that  he  shows.
Stephens  drew his conclusions wholly from the peculiar morphologi-
cal  appearances  of  the parasites  which  he has  demonstrated  in both
of  his  articles.  I judge  that  he  believes  the  malarial  parasite  to be
intracellular.  He  states  in  his  second  article:  "forms  are  found  in
which  chromatin  alone  without  any  protoplasm  occurs  in  the  red
cell;"  and  he  also  suggests  that  the  parasites  cannot  be  distorted
by technique  without apparent  distortion  of the infected  red corpus-
cle.  In  the  same  article  he  writes:  "I  would  point  out  that  the
blood cells present no evidence whatsoever  of stretching or distortion,"
and if  the parasites  he pictures  were within  the substance  of  the  red
corpuscle  they could not be distorted by technique  and the corpuscle
retain  its  normal  contour.
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The  unusual  appearances  presented  by  the  parasites  he  pictures
are  due  entirely  to  technique.  They  are young,  unpigmented  para-
sites attached  to the external  surface  of the red corpuscles and drawn
out of shape  during the process  of spreading  the  blood film.  I have
seen  these  forms  many  times.
A  careful  study  of  the  parasites  resting on  the periphery  of  the
corpuscles  shown  in  the  accompanying  plates  will  suggest  the  ease
with which  they  could  be  distorted,  and  it is  surprising  that  we  so
often  get  normal-appearing  parasites  with  our  crude  methods  of
spreading  films.  Possibly  the corpuscular  mounds,  to  a  certain  ex-
tent, protect the  parasites  from  distortion;  but while  it  is  compara-
tively  easy  to  distort  parasites,  they are  not easily  dislodged.
Distorted  parasites  are  produced  accidentally;  that  is,  you  may
get  them  even  with  the  most  careful  technique.  Violent technique
usually  distorts  the  corpuscles  as  well  as  the  parasites.  With  a
heavy  infection,  the  blood  may  not  spread  freely  and  may  stick
slightly  when  the  cover-slips  are  drawn  apart,  thus  distorting  the
parasites.  Occasionally  parasites  are  distorted  if  uneven  pressure
is used  in spreading the blood on a slide.  They are most commonly
found  in  that  part  of  the  specimen  where  the  film  is  unevenly
spread,  and  along  the  edges  of  films  made  on  slides  and  cover-
slips.  They  may be  found where  the  film  is  thickly  spread  as  well
as  where  it  is  thin.  If thoroughly  examined,  almost  any  specimen
of  malarial  infection  containing  young  parasites,  will  show  a  few
distorted  forms.  It  is  rare  to  find a  specimen  in  which  the  greater
number  of  parasites  is  markedly  distorted,  but  I  have  seen  a  few
specimens  where  the  normal  parasite  was  the  exception.  Stephens
states in both articles  that ring-forms  were present  in his  specimens.
"Forms  resembling  'rings'  do  occur,"  and  "it  is possible  to  trace  a
transition  from  normal  ring-forms,"  etc.
Types  of Distorted Parasites.-In general  three  types  of  distorted
parasites  may  be recognized:  (a) parasites  with  nuclei  distorted  and
cytoplasm  unaltered  or  but  slightly  distorted  (Figs.  105  at  o,  117
at  o,  125 at  x,  126  to 129,  131  at x,  135,  138,  139,  140 at x,  141,  145
at x,  147,  149,  153,  154  at x, 169,  171,  172,  191,  and  192);  (b) para-
sites with cytoplasm  distorted and nuclei intact or but little disturbed
(Figs.  98 at x,  102  at x,  130,  156,  158,  160,  161,  164,  165,  178,  183,
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193,  194,  195,  196,  197,  207,  210,  211,  226 at x, and 232  to 236); (c)
parasites  with  nuclei  and  cytoplasm  markedly  or  slightly  distorted
(Figs.  131  to 133,  136,  137,  140,  142,  144  to  146,  148,  150  to  152,
154,  155,  157,  159,  162,  166  to  168,  170,  173  to  177,  179  to  181,
184  to  190,  199  to  204,  206,  208,  and  212  to  231).
Evidence  That  the Appearance Presented by  the Parasites  Described
by  Stephens Is Due to  Technique.-If one  examines  a specimen  show-
ing a rich infection  and  containing  many of  the  forms  which  I have
described  as  distorted  parasites,  one  will  find  certain  parts  of  the
film where the parasites are drawn out, in one general direction, while
the  infected  corpuscles,  although  they  may be  flattened  out,  retain
their  normal  contour  (Figs.  102,  148,  150  to  152,  and  156  to  160).
And  groups  of  parasites  will  be  found  with  their  nuclei  similarly
distorted  (Figs.  147,  149,  153,  and  167).
These  facts  should  suggest  technique  as  the  cause,  provided  that
one  is willing  to  concede  that the  parasites are  attached  to  the  ex-
ternal  surface  of  the  red  corpuscles.  No  other  explanation  seems
possible,  since  bizarre parasites  could  not be  limited to  certain parts
of  the  blood  film.
When  two  or  more  parasites  attached  to  one  corpuscle  are  seen
stretched  across  the  corpuscle,  in  one direction  (Figs.  102,  150,  152,
155,  156,  158,  165,  166,  171,  172,  177  to  180,  188,  189,  197, 222,  and
227  to  230),  technique  should  suggest  itself  as  the cause.'
Distortion of  Parasites Occupying  One  Corpuscular Mound.-In-
stances  of  two  or  more parasites  occupying  one  corpuscular  mound,
when  the  parasites  are  distorted  by  technique,  present  appearances
such as may be seen  in Figs. 117 at o,  128 at x,  129 to  131,  138,  139,
142,  165,  166,  169,  170,  180,  195,  198,  206,  207,  209  to  212,  222,  and
226  at  x.
t4
Fusion of Chromatin.-The nuclei  of  two  or  more  parasites  may
be  so  fused  together  by technique  as  to  give  the  appearance  of  a
single  mass or  string  of  chromatin.  This may  be  seen  in Figs.  105
13 Stephens shows this condition in Figs. 19, 26, 27, 30, 31, and 32,  of the colored
plate illustrating  his first  article.
14 This is also shown  in  Figs. 2 to  18,  20, 23 to 25,  28 to 31,  and 33 to 35  of
the  colored plate illustrating Stephens' first  article.
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at o,  117  at  o,  127 at o,  129,  139,  142,  166,  169  at o,  192,  195,198,
206,  209,  210,  and  212.'1
How  to  Obtain Distorted Parasites  So That They May Be Identified
as  Suzch.-Take  several  films  from  one  large  drop  of  blood,  using
varying  technique  in  preparing  them.  It  is  more  satisfactory  to
work  this  out  with  a  heavy  infection,  showing  several  parasites  in
one  field.  One  may  have  to  make  films  from  many  specimens  to
obtain distorted parasites, or one may secure them in the first attempt.
Distorted  parasites  in  one  or  two  of a  set  of  films  and  none  in  the
others  indicate  that the  distortion  is  due  to  technique.
I  have  several  times  secured  distorted  parasites  in  this  manner,
accidentally.  I  frequently  take  four  cover-slips  from  one  drop
of blood in order  to study  various  phases in the  life  of  the parasite.
Occasionally  one  of  the  specimens  contains  certain  distorted  para-
sites,  while in  the other  specimens  the parasites  are normal.  With-
out  other  evidence,  this  would  be  proof  that  these forms  are due  to
technique.
Plasmodium tenue.-This is an appropriate description of the drawn
out,  flattened  parasite.  As  one  would  expect,  it  shows  but  little
density  compared  with  the  normal  parasite;  the  bulk  of  cytoplasm
varies with  the age  of  the parasite.  Stephens  writes:  "The parasite
has  but  little  bulk,  or  density."
Many  of  the  distorted  aestivo-autumnal  parasites  in  Figs.  115,
117  and  118  to  146  show  but little  cytoplasm  compared  with  the
amount of chromatin.  These parasites are very young.  (The normal
parasites  from  the  same  film  may  be  seen  attached  to  corpuscles  in
Figs.  1 to  8,  and free  in Figs.  118 to 124.)  The specimen containing
these parasites was taken 15 minutes after a paroxysm,  and  contained,
besides the parasites attached  to the red corpuscles, segmenting bodies,
free  segments,  phagocytes  with  inclusions  of  segmenting  bodies  and
pigment  masses,  as  well  as  free  pigment  masses.  Two  cover-slips
were  taken  from  one  drop  of  blood;  one  contained  the  distorted
forms  shown,  the other normal parasites.
The  distorted  estivo-autumnal  parasites  shown  in  Figs.  168  to
'1 This may also be  seen in Figs.  2 to 4,  7, 12,  and  16 of the colored plate ac-
companying  Stephens'  first  article.
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181  were taken from a specimen  of blood secured  1 hour  after  a  par-
oxysm.  Figs.  9  to  14  show  normal parasites attached  to  corpuscles,
which  were  taken  from  the  same  specimen.  The  distorted  aestivo-
autumnal  parasites  shown  in Figs.  147  to  167  were  from  the  same
case as the normal parasites in Figs.  15 to 34.  The distorted quartan
parasites  in  Figs.  183  to  192  correspond  in age  to the  quartan para-
sites in Fig.  80.
Adult as well as young parasites may be flattened and drawn across
the  corpuscle  by  technique.  The  tertian  forms  (Figs.  232  to  236)
were  from  one film and were  distorted in the  same  general  direction.
This  type  of  distorted parasite  corresponds  to  the  so  called  quartan
"bandform"  parasite  pictured  by  Ruge,"1  Kolle  and  von  Wasser-
mann,'7 Ziemann,18 Loeffler, 9 von Wasielewski,20 and others.
Red  Corpuscles to  Which  Distorted Parasites Are Attached.-Para-
sites  may  be  more  or  less  distorted  without  apparent  flattening  of
the  infected  corpuscle,  or  change  in its  circular  contour;  but this  is
not the rule.  Red  corpuscles  to  which  these parasites  are  attached,
usually  appear  to  be  ironed  out,  and  the  adjacent  uninfected  cor-
puscles  may give  the  same  appearance.  Practically  all  the  infected
red  corpuscles  shown  in  both  of  Stephens'  articles  have  a  slightly
irregular  outline  and  appear  to  be  flattened  out.  This  makes  it
difficult  to  ascertain  whether  the  distorted  parasites  enlarged  the
infected  corpuscles  or otherwise,  and it explains why  Stephens  found
it  difficult  to  determine  whether  the  Plasmodium  tenue  enlarged
the corpuscle  or not.  He writes:  "I  am not sure  whether  this para-
site  enlarges  the  cell,  as,  although  in  some  cases  I  found  infected
cells  larger  than  non-infected  ones  in  their  vicinity,  in  other  cases
the  reverse  held  good."
16 Ruge,  R.,  Einfuihrung in das  Studium  der  Malariakrankheiten  mit  beson-
derer Brucksichtigung  der Technik,  Jena,  1901,  Plate  I, Fig.  16.
17 Kolle,  W.,  and von  Wassermann,  A.,  Handbuch  der  pathogenen  Mikroor-
ganismen,  Atlas,  Jena,  1902,  Plate  III,  Fig.  65.
18  Ziemann, H.,  Malaria, in  Mense's  Handbuch  der  Tropenkrankheiten,  Leip-
zig,  1906,  iii,  269; Plate  IX,  Figs.  39 and  41.
19 Loeffler,  Malarial  Diseases,  in  Modern  Clinical Medicine,  New  York,  1910,
Plate  I  (C),  Figs.  2 and  3.
20 von Wasielewski, T., Plasmodiden,  in  Rubner,  Gruber,  and Ficker's  Hand-
buch der Hygiene,  3te Abt., Leipzig,  1913,  iii,  Plate  26,  Fig. A, 4,  6.
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Stephens'  Forms in  Which  Chromatin Particles or Strands without
Protoplasm Occur in the Red Cell.-Stephens refers  to  this  condition
in  his  second  article.  His  views  as  to  the  probable  nature  of  the
forms  he  describes  are  as  follows:
"(1)  That  they are  a new  species  of  parasite
"(2)  That  they  are  degenerative,  i.e.,  formed  in  the body under
unknown conditions, and so perhaps analogous to the so-called quinine
forms  of  parasites.
"(3)  That  they  are  artificial,  i.e.,  formed  outside  the body under
unknown  conditions."
And he goes on to say: "The fact that among  the parasites figured,
forms  are  found  in which  chromatin  alone  without  any  protoplasm
occurs  in the  red cell is, I think, in favor  of, but  not decisive  for, one
of  the latter  two  views rather than the first."  He states  that forms
consisting  of  protoplasm  alone,  without  chromatin,  were  not  seen.
The  chromatin  masses without  any  cytoplasm  which  he  describes
as being  present,  are,  I believe,  stained remnants  of parasites  whose
cytoplasm  has  faded.
Parasites Whose  Chromatin or  Cytoplasm Has Faded or Failed to
Stain.-There are  two  general  types  of  partially  stained  parasites
which  may  be  described  as  follows:  (a)  parasites  whose  chromatin
remains  stained,  but  whose  cytoplasm  has  faded  or  failed  to  stain
(Figs. 88 to 90, 101, 105  to  109,  111,  112,  114,  116, 266, 267, and 269);
and  (b) parasites  whose  cytoplasm  remains  stained,  but whose  chro-
matin has faded  or failed to stain (Figs.  92 to 97,  100  at o,  102 at'  o,
103,  104,  and  268).
The  examples  of  a and  b shown  herewith  were  taken  from  speci-
mens  containing  successfully  stained  parasites.  It  is  rare  to  find
examples  of  both  a  and  b  in  one  film  unless  it is  fading  rapidly.
One  may find  parasites without  nuclei  on  corpuscles  to  which  are
attached parasites with well stained  nuclei  (Figs. 92  to 97,  and  100).
That  these  nuclei  might  have  been  removed  from  the  parasites  by
technique was considered;  but as the gradual fading of the chromatin
of  various  parasites  could  be  followed,  and  a  careful  search  failed
to  reveal  free  nuclei,  the only  reasonable  conclusion  to  be  reached
was that  the chromatin had faded.  The gradual fading  of  cytoplasm
may  be  followed  in  the  same  way.
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Stained  nuclei  of  parasites  whose  cytoplasm  has  faded  are shown
well in Figs. 88  to 90.  Here the nuclei are successfully stained, as well
as the crescents  seen  near  them.  Well  stained  young parasites were
seen  in  the  same  film  (Fig.  91).
Distorted  chromatin  of  partially  faded  parasites  may  be  seen  in
Figs.  105  to  109,  112,  and  116,  and  chromatin  which  has not  been
distorted  may  be  seen  in  Figs.  111  and  114.
If specimens  showing the  above conditions  are restained, it is often
possible  to bring out the cytoplasm in connection with the chromatin,
or  the  chromatin  in  connection  with  the  cytoplasm.
Species  of Parasite Described in Stephens'  First Article.-The dis-
torted parasites  described  by  Stephens  as  Plasmodium  tenue  might
be  tertian,  quartan,  or  stivo-autumnal  parasites;  but  judging
from  the  delicate  morphology  of  the  parasites  and  the  numerous
instances  of  multiple  infection  of  corpuscular  mounds  and  of  red
corpuscles,  I should  judge  them  to  be  of  the aestivo-autumnal  type.
In  my  experience  the  multiple  infection  of  red  corpuscles  by young
parasites  is  much  more  common  in  the  estivo-autumnal  than  in
other  malarial  infections.
In  the last paragraph  of  Stephens' second article, he refers to "fur-
ther films from the case  of P. tenue.  Two films  (March, 1914)  showed
quartan,  and  in  one  of  the  films  a  single  pigmented  (presumably
simple  tertian)  parasite  was  found  with  the pigment  in the  form of
rods,  in  an  enlarged  cell  showing  Schiiffner's  dots.  Three  films
(June)  showed  quartan, and  one  (July),  quartan."  I should not say
that this was evidence that the first specimen  containing Plasmodium
tenue  forms  was  from  a  case  of  quartan  infection.
The  specimen  containing  the  Plasmodium tenue  forms  described
by Stephens in his first paper, was sent to him in the autumn of  1913,
and  if  this  case  remained  untreated  or  infected  until  March,  1914
(the  first  date  stated  above),  one  could  not,  after  this lapse of  time,
be sure  of  dealing with the same infection  unless one  could eliminate
the possibility  of  a reinfection  by other  species  of  malarial parasite.
This  would  be  especially  true  were  the patient  living in  a  malarial
district.
The  type  of  infecting  parasite  cannot  always  be  designated  by
the  occasional  presence  of  SchUiffner's  granules or  Maurer's  rings in
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the infected red corpuscle.  The following  figures are evidence  of this:
(a)  a crescent attached  to a red  corpuscle  showing  Schiiffner's  gran-
ules  (Fig.  77);  (b)  a  quartan  parasite  attached  to  a  red  corpuscle
showing  Schiiffner's  granules  (Fig.  81);  (c) two young quartan para-
sites  attached  to  a  red  corpuscle  showing  Maurer's  rings  and  dots
(Fig.  80).  These  are  shown  in  connection  with  a  crescent  and  an
estivo-autumnal  ring-form  parasite  attached  to  red corpuscles  show-
ing  Maurer's  rings  (Figs.  78  and  79).  And  one  occasionally  sees
estivo-autumnal  ring-forms  attached  to  red  corpuscles  showing
Schiiffner's granules.
Pigment of Malarial Parasites.-It  should  be mentioned  here  that
too  much  importance  must  not be  attached  to the  form  which  the
pigment  granules  present in  the  parasites,  for  this  pigment  is sub-
ject  to distortion,  just as the parasites  are, and it may be distorted
without  distortion  of  the parasites,  just as the parasites may be  dis-
torted  without  distortion  of  the  infected  corpuscles.  Much  of  the
rod-shaped  pigment  seen  owes  its  rod  shape  to  technique.
Distorted Parasites  Previously Described.
Previous to Stephens'  two articles describing distorted parasites,  several papers
came  out  illustrating  various  types  of  parasites  distorted  by  technique.  In
1904  the author2' published an article entitled, "Unusual  Forms of Malarial Para-
sites," in which  were pictured  elongated  forms of malarial parasites from  estivo-
autumnal  infections,  wrongly interpreting  these forms as stages in the  life cycle
of the crescent.  In  1906  Ziemann22 called  attention  to  distorted  forms  of  the
iastivo-autumnal  parasite.  In  1908  Balfour  and  Wenyon2 3 pictured  distorted
forms  of  the  mstivo-autumnal  parasites,  interpreting  them  as  ameboid  forms.
In 1911  in an article on the oestivo-autumnal  parasite,  the author2 4 pictured vari-
ous  types  of distorted  parasites,  stating  that  they  were the  result of  technique.
21  Rowley,  M.  E.,  Some  Unusual  Forms  of  Malarial  Parasites,  Btdl. Johns
Hopkins Hosp.,  1904,  xv,  22.
22 Ziemann,  Malaria,  in Mense's  Handbuch  der  Tropenkrankheiten,  Leipzig,
1906,  iii,  294.
23  Balfour,  A.,  and Wenyon,  C.  M., Sanitary  Notes.  Khartoum,  Third Rep.
Wellcome  Research  Lab.,  Gordon  Memorial  College,  Khartoum,  1908,  Colored
Plate  7.
24Rowley-Lawson,  M.,  The  Estivo-Autumnal  Parasite:  Its  Sexual  Cycle
in  the Circulating  Blood  of Man,  with  a Description  of  the  Morphological  and
Biological  Characteristics  of the Parasite,  J.  Exp. Med.,  1911,  xiii,  263.
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In  1913  Sergent,  Beguet, and  Plantier
25 published an article  in which  attention
is  called  to young  stivo-autumnal  parasites  with  streaked  arrangement  of the
chromatin.  These forms are due to technique.
In  1914 Stephens  published his article on distorted forms, "P. tenue," and this
called  out  criticism  and  other  illustrations  of  distorted  parasites  from  Balfour
and Wenyon
2 6 and Ziemann,
27 although these authors  did not interpret  the forms
as  due  to  technique.  But  in  their  last  paper  Balfour  and  Wenyon  recognize
that "it may be possible to find for these variations some mechanical explanation."
In  1901  Ewing
s 2 mentions,  in  connection  with  the  stivo-autumnal  ring-form
parasite,  that  "occasionally  such rings  were  found  to have  unfolded  and  to  be
stretched  like  a thread  across  the  cell,  the  nuclei  appearing at inconstant inter-
vals."  And in connection with the tertian ring-form parasite,  he
3 writes:  "Elon-
gated forms of the young parasite  are  often seen in which  the ring is absent and
the nuclear body lies bare at one end."  He undoubtedly refers here to parasites
distorted  by  technique.
SUMMARY.
1. The  correct  interpretation  of  the  form described  by Stephens
under  the name  of  Plasmodium tenue is as  follows:  It  is not a new
species  of parasite  or  an ameboid  form, but  a  parasite  attached  to
the  external  surface  of red  corpuscles  and  distorted by  technique.
2.  Evidence  against  a new  species  of parasite  is:  (a) they may  be
found  in  all known  malarial  infections  and  at any  stage  in  the  de-
velopment  of  the parasite;  and  (b) they  show evidence  of  distortion.
3.  Evidence against  ameboid  forms  and in  favor of  parasites  dis-
torted  by technique  is:  (a) they may be found  in but one of  the two
cover-slips  prepared  simultaneously;  (b) they  may  be  found  in  cer-
tain  definite  groups  in various  parts  of  a film  which otherwise  con-
tains  normal  appearing  parasites;  (c) ill  rich  infections,  containing
many  disforted  forms,  they may be found in certain  parts of a film,
all  distorted  in one  direction,  the  infected  corpuscles  and  those  ad-
jacent  to them showing  no evidence  of  injury;  and  (d) two  or  more
25 Sergent,  Edw.,  Sergent,  Et.,  Beguet,  M.,  and  Plantier,  A.,  Observations
microscopiques  au  cours  d'un  acces  pernicieux  palud6es,  Bull.  Soc. path.  xot.,
1913, vi,  615.
26 Balfour and Wenyon, The  So-Called  Plasmodium tenue (Stephens), J.  Trop.
Med.,  1914,  xvii,  353.
27 Ziemann,  Ueber  eigenartige  Malariaparasitenformen,  Centr. Bakteriol., lie
Abt.,  Orig.,  1915,  lxxvi,  384.
28 Ewing, Malarial Parasitology,  J. Exp. Med.,  1900-01,  v,  446.
29 Ewing, Malarial  Parasitology,  J.  Exp.  Med., 1900-01,  v, 436.MARY  R.  LAWSON
parasites attached  to one red corpuscle  may be seen  to be distorted in
one direction,  or to have nuclei  similarly distorted.
4.  Three  general  types  of  distorted  parasites  may  be  recognized:
(a)  parasites  with  nuclei  distorted  and  cytoplasm  unaltered  or  but
slightly distorted;  (b) parasites  with  cytoplasm  distorted  and  nuclei
intact  or but little disturbed;  and (c) parasites with  both  nuclei  and
cytoplasm  slightly  or markedly  distorted.
5.  Red corpuscles  to which distorted parasites are attached  usually
appear  to be flattened  out with  slightly irregular  outline,  but para-
sites may  be more or  less distorted  without  any apparent  change in
the infected  corpuscle.
6.  Parasites with  well  stained chromatin and  faded  cytoplasm,  or
parasites with  well  stained  cytoplasm  and  faded  chromatin,  may  be
found  in  specimens  containing  well  stained parasites.  It is usually
possible to restain these specimens  bringing out  the faded cytoplasm
belonging  to the well  stained  chromatin  or  the  lost  chromatin  be-
longing  to  the  well stained  cytoplasm.
EXPLANATION  OF  PLATES.
PLATE  27.
ASTIVO-AUTUMNAL  PARASITES.
Magnification,  X  1,680.  Tertian  parasite (Fig.  35).
Figs.  I  to 8.  Parasites secured  15 minutes  after a paroxysm.
Figs.  9 to  14.  Parasites secured  1 hour after a paroxysm.
Figs.  15  to 35.  Parasites secured 4 hours after a paroxysm.
FIG.  1.  Parasite attached to the surface  of a corpuscle with a nucleus extend-
ing beyond  the periphery  of the  corpuscle.
FIG.  2.  Two  parasites  attached  to  one  corpuscular  mound,  the nucleus  of
one  parasite  extending  beyond  the  periphery  of  the  corpuscle.  It  requires  the
entire  cytoplasm  of  each  parasite  to encircle  the mound,  so that  the cytoplasm
of one  parasite  being superimposed  over that of the other parasite  gives the  ap-
pearance of a  single parasite  with  two  masses of chromatin.
FIGS.  3 to 5.  Parasites  attached  to peripheral  corpuscular mounds;  the nuclei
of  these parasites  extend  beyond  the  periphery  of the  corpuscles  to  which  they
are attached.
FIG.  6.  Parasites  resting  on  the  periphery  of the  corpuscles  to  which  they
are  attached.  Cytoplasm  as  well  as  nuclei  may be  seen  extending  beyond  the
periphery  of  the  corpuscle.
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FIG.  7.  Two  parasites attached  to  a  peripheral corpuscular  mound  and  two
parasites attached  to a surface mound.  The  nuclei  of the parasites attached  to
the peripheral mound may be seen extending beyond the periphery of the corpuscle.
FIG.  8.  Parasites  attached  to  surface  mounds.  At  the  left  two  parasites
encircle  one  mound;  their  cytoplasm  being superimposed,  they  give the  appear-
ance  of  a  single  parasite  with  two  masses  of chromatin.
FIG.  9.  Parasites  attached  to  decolorized  peripheral  mounds.  Portions  of
these parasites  extend  beyond  the periphery  of the  corpuscle.
FIG.  10.  Two  parasites  attached  to one  corpuscular  mound;  the  cytoplasm
of the upper  parasite  extends  beyond  the periphery  of  the  corpuscle.
FIG.  11.  Two  parasites attached  to  a peripheral corpuscular mound, and two
parasites  of a slightly larger  growth,  attached  in a  similar manner  to  a  surface
corpuscular  mound.
FIGS.  12  and 13.  Two parasites  attached to one  corpuscular  mound.  These
parasites may  be  seen to  be  individuals.
FIG.  14.  Four  parasites  attached  to  one  corpuscular  mound.  A  careful
scrutiny  will  enable  one  to trace  each  parasite.
FIGS.  15  to  20.  Parasites  attached  to  peripheral  corpuscular  mounds.  The
nuclei  of the  parasites  in  Figs.  18  and  19  may be  seen  extending  beyond  the
periphery  of the  corpuscles.
FIG.  21.  The parasite rests on the periphery of the corpuscle,  and the pseudo-
podium  may be  seen  encircling  the  peripheral  corpuscular  mound.
FIG.  22.  Two  parasites  encircling  one  peripheral  corpuscular  mound.
FIG.  23.  The parasite  rests on the  periphery  of  the  corpuscle  and  encircles
a corpuscular mound  in front of it.
FIGS.  24  to  33.  Parasites  resting  on  the  periphery  of  the  corpuscles  with
pseudopodia  encircling  the  surface  corpuscular  mounds.
FIG.  34.  Two parasites encircling one decolorized corpuscular surface mound.
FIG.  35.  Three  tertian parasites  attached  to a red  corpuscle.  One parasite
surrounds  with  its  pseudopodium  the  other parasite.
PLATE  28.
TERTIAN  PARASITES,  EXTRACELLULAR  EVIDENCE.
Magnification,  X  1,680.
FIGs.  36  to  41.  Young parasites  resting  on the  periphery  of  the  corpuscles
to  which  they  are  attached.
FIG.  42.  A  parasite  attached  to  a peripheral  corpuscular  mound.
FIG.  43.  A parasite resting on the  periphery of a corpuscle with pseudopodia
overlying  the  corpuscle.
FIG.  44.  A  parasite  attached  to  a  corpuscle.  The  nucleus  and  part  of the
cytoplasm  of  this parasite  may be  seen  extending beyond  the  periphery  of the
corpuscle.
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FIG.  45.  A  parasite  resting  on  the  periphery  of  the  corpuscle  to  which  it
is attached.
FIGS.  46  to 49.  Parasites partly pulled  off  the  corpuscles  to  which  they  are
attached.  Technique  is responsible  for the  dislocation.
FIG.  50.  A young parasite attached  to a corpuscle.  The nuclei  of the para-
site  are seen  extending  beyond  the periphery  of the  corpuscle.
FIGS.  51  and  52.  Two parasites partly removed  from the corpuscles to which
they are attached.  The parasite in Fig. 51 is attached to a peripheral  corpuscular
mound,  the parasite  in Fig.  52  to  a  surface  mound.
FIG.  53.  A parasite attached  to a red  corpuscle with nuclei  and pseudopodia
(at o)  extending  beyond  the  periphery  of  the  corpuscle.
FIG.  54.  A  pigmented  parasite  which  has  probably  just  attached  itself  to
a fresh red  corpuscle,  the  hemoglobin  of which  appears  to be intact.
FIG.  55.  A young parasite,  unfolded  and partly  removed  from  the  infected
corpuscle  by  technique.
FIG.  56.  A young parasite attached  to a peripheral  corpuscular mound  with
its pseudopodium  extending  beyond  the periphery  of the  corpuscle.
FIG.  57.  A  pigmented  parasite  which  is probably  just  attaching  itself  to
a fresh red  corpuscle,  the  hemoglobin  of which  appears  to be intact.
FIG.  58.  A young parasite  with  two  pigment  granules partly removed  from
a red corpuscle by  technique.  I  believe that  this parasite has recently attached
itself as  the hemoglobin  of the  corpuscle  appears to be  intact, while the parasite
is pigmented.
FIGS.  59 to 61.  Parasites resting on the periphery  of the corpuscles  to which
they are attached.  The parasites in Figs. 59 and 61  are pigmented and older than
that in Fig.  60.  The latter  is unpigmented  and  flattened  out  by  technique.
FIG.  62.  A  pigmented  parasite  partly  pulled  off  the infected  corpuscle  by
technique.  This  corpuscle  shows  no loss  of hemoglobin  though  the parasite  is
heavily pigmented.
FIGS.  63  to 65.  Adult pigmented parasites with  portions  of  their  cytoplasm
extending  beyond  the  periphery  of  the  corpuscles  to  which  they  are  attached.
FIG.  66.  A parasite  resting on the  periphery  of the  corpuscle  with  its pseu-
dopodium  encircling  a surface  mound.
FIG.  67.  An adult parasite  attached to a  corpuscle  with the  nucleus extend-
ing beyond  the periphery  of the corpuscle.
PLATE  29.
TERTIAN,  ESTIVO-AUTUMNAL,  AND  QUARTAN  PARASITES.
Magnification,  X  1,680.
FIG.  68.  A  red  corpuscle  with  Schiiffner's  granules  and  no  parasite,  from  a
case  of  tertian  infection.
FIG.  69.  A red corpuscle with Schiiffner's granules and  no  parasite at  o  next
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FIG.  70.  A  red  corpuscle with  Schiiffner's  granules  and  no  parasite,  from  a
tertian infection.
FIG.  71.  A  red  corpuscle  with  Schiiffner's  granules  and  no parasite  next  to
a red  corpuscle  with  Schiiffner's  granules and a tertian  parasite.
FIG.  72.  A  free,  distorted  ring-form  parasite  from a  tertian  infection.  The
nucleus may  be seen at x and a grain  of pigment at o.
FIG.  73.  A  red  corpuscle  with  Schiffner's  granules  and  a  tertian  parasite
next  to  a  granular  corpuscular skeleton  or dehemoglobinized  remnant  of  a red
corpuscle.  These  examples  are  shown  side  by  side  so  that  the  differences  in
granulations  and staining  reaction  may  readily  be  noted.
FIG.  74.  A tertian parasite  partly pulled  off a red corpuscle with  Schiffner's
granules.
FIG.  75.  A  free, distorted  ring-form  parasite  from  a tertian  infection.  The
nucleus may be seen  at x and  a grain of pigment  at o.
FIG.  76.  An  adult  tertian  parasite  partly  pulled  off  a  red  corpuscle  with
Schiffner's granules.
FIG.  77.  A crescent attached to a red corpuscle showing  Schiiffner's granules.
FIG.  78.  A  crescent  attached  to  a  red  corpuscle  showing Maurer's  rings.
The infected  corpuscle  is not entirely  decolorized.
FIG.  79.  An sestivo-autumnal  ring-form parasite attached  to  a  red corpuscle
showing  Maurer's  rings and  dots.  The magnification  of this figure  is  2,120.
FIG.  80.  Two  young  quartan parasites  attached  to  a red  corpuscle  showing
Maurer's  rings and  dots.  The parasites  are slightly distorted  (in one  direction)
by technique.
FIG.  81.  A  quartan  microgametocyte  attached  to a  red  corpuscle  showing
Schiffner's  granules.
FIG.  82.  A  tertian  segmenting  body  attached  to  an  apparently  healthy
corpuscle.  The  chromatin  is  much  distorted  by  technique  without  distortion
of the infected  corpuscle.  The light dots are  pigment granules  that  have been
partially  dissolved  by  xylol.  This  parasite  must  have  received  its  pigment
from  another  red  corpuscle  or  corpuscles.
FIG.  83.  A set of  nuclei  and pigment  granules  removed  from a tertian para-
site  by  technique.  This  example  serves to  illustrate the enormous  amount  of
chromatin  contained  in  the  nuclei  of young parasites.  The  long strands illus-
trated are drawn out from  the chromatin  of the  nuclei.
FIG.  84.  Two  pigmented  tertian  parasites  attached  to  a  fairly  healthy-ap-
pearing corpuscle.  The nucleus of the parasite at the left may be seen to be dis-
torted at x.  The  nucleus  of the parasite at  the right may be seen projecting be-
yond  the periphery  of  the corpuscle  at o.
FIGS.  85  to 87.  Young  estivo-autumnal  parasites attached  to red  corpuscles
with the chromatin  of their nuclei drawn out in long thread-like processes beyond
the  periphery  of  the  corpuscles  to  which  the  parasites  are  attached.  These
figures  serve to  illustrate not  only the large amount  of  chromatin  in the nuclei
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of the young parasites but prove that these parasites are attached  to the external
surface  of  the  corpuscles.  In Fig. 86 at o two tiny parasites surround the cor-
puscular mound.
FIGS.  88  to 90.  Chromatin  dots  (nuclei)  of  parasites  whose  cytoplasm  has
faded.  'Well  stained  crescents  may be  seen near the  nuclei.  A  twin  specimen,
which  had  also  faded,  was  successfully  restained.
FIG.  91.  A  young  estivo-autumnal  parasite,  well  stained,  from  the  same
specimen  as that containing  Figs.  88,  89,  and 90.
PLATE  30.
RSTIVO-AUTUMNAL  PARASITES  PARASITES  PARTIALLY  FADED  AND  PARASITES  DIS-
TORTED  BY  TECHNIQUE.
Magnification,  X  1,680.
FIGS.  92 to 97.  Parasites with faded nuclei on corpuscles to which are attached
parasites  with well stained  nuclei.  The parasites with faded nuclei  may be seen
at o.  In Fig. 96 at x a free parasite with stained nucleus may be seen.
FIG.  98.  A  distorted parasite at x on a corpuscle next to a corpuscle to which
is attached  another distorted parasite whose nucleus has faded until only a  small
particle  of  chromatin  is  to  be  seen  at  o.
FIG.  99.  A  well  stained  distorted  parasite  attached  to  a  corpuscle  next  to
a corpuscle  to which  is attached  a parasite  whose cytoplasm  is fading.
FIG.  100.  A  parasite  with  faded  nucleus  at  o attached  to  a corpuscle  on
which  is  a parasite  with  well  stained  nucleus  and  cytoplasm.
FIG.  101.  Two  parasites  with  distorted  chromatin  and  fading  cytoplasm.
FIG.  102.  Two  distorted parasites,  the  nucleus of  one  being  faded,  at o,  and
that  of the  other  fading,  attached  to  a  corpuscle,  next  to a  corpuscle  to which
are  attached  two  well  stained  distorted  parasites  at  x.  Note that  these four
parasites are all  distorted  in one direction.
FIG.  103.  Two  parasites  with  well  stained  cytoplasm  and  faded  chromatin.
FIG.  104.  A distorted parasite with well stained cytoplasm  and faded  nucleus.
FIGS.  105  to 109.  Chromatin  masses of parasites whose cytoplasm  has  faded.
These  chromatin  masses  all  show  distortion  by  technique.  In  Fig.  105  at  o
may  be  seen  two  young parasites  attached  to  one  corpuscular  mound.  The
nuclei  of these parasites are fused so as to give the appearance  of two  rings with
one mass  of  chromatin.
FIG.  110.  Two young,  unfaded  parasites attached  to a peripheral  mound.
FIG.  111.  Two  parasites  with  faded  cytoplasm  attached  to  a  peripheral
mound.  Compare  with  Fig.  110.
FIG.  112.  A young  parasite with faded  cytoplasm.  The  nucleus is  distorted
and  shaped to  the peripheral  mound  to which  the parasite  is attached.
FIG.  113.  Multiple  infection  of  two  surface  mounds  by  young  parasites.
FIG.  114.  Chromatin  dots  (nuclei)  of young  parasites  whose  cytoplasm has
faded.  These  nuclei  are  normal  in  shape,  and  from  their  position,  in  relation
to each  other  (Fig.  113),  multiple infection  of corpuscular  mounds  is  suggested.
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FIG.  115.  Young parasites  distorted  by technique.
FIG.  116.  Distorted masses of chromatin.  The cytoplasm  of these  parasites
has faded.
FIG.  117.  Parasites distorted by technique.  At o two parasites are attached
to one corpuscular  mound,  the nuclei  being fused so as to  give  the  appearance
of  two  rings  with  a  single  mass of  chromatin.
PLATE  31.
ESTIVO-AUTUMNAL  PARASITES.  FREE  PARASITES  AND  PARASITES  DISTORTED  BY
TECHNIQUE.
Magnification,  X  1,680.
These parasites were  secured  15  minutes  after  a  paroxysm.
FIGs.  118 to  122.  Tiny  free  parasites.  At  o in Fig.  119  two  parasites may
be  seen  surrounding  one  corpuscular  mound.  These parasites  are  from  the
same film as the normal and distorted parasites in Figs.  1 to 8.
FIGS.  123  and  124.  Tiny  free  parasites  at  o,  and parasites  distorted  and
attached to corpuscles.  In Fig. 124 one of the free parasites may be seen to have
a pseudopodium.
FIG.  125.  Distorted parasites'and  a multiple infection of a corpuscular mound
at  o.
FIGS.  126  to  129.  Distorted  parasites.  The  nuclei  show  more  distortion
than  the  cytoplasm.  In  Fig.  127  fusion of the  chromatin of two parasites may
be  seen  at  o.  In  Fig.  128  at  x,  two  parasites with distorted nuclei  may  be
seen occupying  one  corpuscular mound.
FIG.  130.  Multiple  infection  of  corpuscular  mounds.  The  parasites  are
distorted  in  one  general  direction.
FIGS.  131  to  142.  Various  types  of  distorted  parasites.  Figs.  131  and  140
at  x  show  two  ring-form  parasites  occupying  one  corpuscular  mound.  The
nuclei of these parasites are  distorted.
FIG.  143.  Multiple  infection  of a red  corpuscle.  At  o  four young parasites
may be  seen  attached to  one corpuscular  mound.
FIGS.  144  and  145.  Distorted  parasites.
FIG.  146.  A  free  distorted  parasite.
PLATE 32.
XSTIVO-AUTUMNAL  PARASITES.  PARASITES  DISTORTED  BY  TECHNIQUE.
Magnification,  X  1,680.
These  parasites were  secured  4  hours  after  a  paroxysm,  and  from  the  same
case  as the  normal  parasites seen  in Figs.  15  to 34.
FIG.  147.  Three  young  parasites  attached  to  one  corpuscle  and  similarly
distorted.
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FIG.  148.  Distorted  parasites.  At  o  a peripheral  corpuscular  mound  may
be  seen.  These  parasites  are distorted in one  general  direction.
FIG.  149.  Two  young  parasites  attached  to  one  corpuscle  and  similarly
distorted.
FIGS.  150  to  152.  Distorted  parasites.  Each  figure  shows  the  parasites
distorted  in  one  general  direction.  At  x  in  Fig.  151  the  chromatin  is intact
and the cytoplasm distorted.
FIGS.  153  and  154.  Parasites  similarly  distorted.  At  x  in  Fig.  154  the
cytoplasm is normal in appearance,  the chromatin  distorted.
FrG.  155.  Distorted  parasites.  The  extraneous  thread  at  o  extends  across
the  field  in  the  same  general  direction  as  the  distorted  parasites.
FIG.  156.  Three- parasites  attached  to  one  corpuscle.  All  three  parasites
are  distorted  in one  general  direction.
FIG.  157.  Three  parasites  distorted in one  general  direction.
FIG.  158.  Two  parasites  on  one  corpuscle.  These  parasites  are  distorted
in  the  same  general  direction  as  the  single  parasite  attached  to  the  corpuscle
at  the left.
FIGS.  159  to  162.  Parasites  distorted  in  one  general  direction.  In Fig.  161
two  parasites are attached to one of the corpuscles.  The pseudopodia of one  of
these  parasites  may be seen extending beyond the periphery of the infected  cor-
puscle at  o.
FIG.  163.  A  free  parasite,  normal  in appearance,  of  the  same  age and  from
the  same  film  as  the  distorted  parasites.
FIG.  164.  A parasite with  distorted cytoplasm.  A portion of the cytoplasm
may be seen  extending beyond  the periphery  of the infected  corpuscle at o.
FIG.  165.  Parasites  with  distorted  cytoplasm.  The parasites  are  distorted
in one  direction.
FIG.  166.  Parasites  with  distorted  chromatin  and  cytoplasm.  These  para-
sites are  distorted in one  direction.
FIG.  167.  Three  parasites similarly distorted.
PLATE  33.
ASTIVO-AUTUMNAL,  QUARTAN,  AND  TERTIAN  PARASITES  DISTORTED  BY  TECHNIQUE.
Magnification,  X  1,680.
Figs.  168 to 182.  EFstivo-autumnal parasites  secured 1  hour after  a paroxysm.
Figs.  183  to  192.  Quartan  parasites  in the  same  stage  of development  as
the  parasites  in  Fig.  80.
Figs.  193  to  202.  Tertian  parasites.
FIG.  168.  The  chromatin  of  this  parasite  is  distorted  to  conform  to  the
contour  of  the  decolorized  peripheral  corpuscular  mound.
FIG.  169.  At  o two young  parasites are attached to one  corpuscular  mound,
and  the chromatin  is  distorted  and  fused  so  as  to give  the  appearance  of  two
rings with  a  single  mass  of  chromatin.
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FIG.  170.  Multiple  infection  of  a  corpuscular  mound.  The  cytoplasm  of
these parasites  is more  distorted than the  chromatin.
FIGS.  171  and 172.  Two parasites  attached to each  corpuscle.  The parasites
are  distorted  in  one  direction.
FIGS.  173  to  176.  Parasites  with  cytoplasm  and  chromatin  distorted.
FIGS.  177  to  180.  Two  and  three  (Fig.  180)  parasites  attached  to  one  cor-
puscle  and  distorted  in  one  direction.
FIG.  181.  A  distorted  free  parasite.
FIG.  182.  A  free  parasite  fairly normal  in  appearance.
FIGS.  183  to  187.  Distorted  parasites.  The  infected  red  corpuscles  appear
normal  in  contour.
FIG.  188.  Two  parasites  attached  to one  corpuscular  mound  and  distorted,
both in one  direction.
FIG.  189.  Two  parasites  which  were  probably  attached  to  one  corpuscular
mound.  These  parasites are distorted in one direction.
FIGS.  190  to  192.  Distorted  parasites.
FIGS.  193  to 196.  Parasites  with distorted  cytoplasm.
FIG.  197.  Two parasites attached  to one corpuscle.  The  cytoplasm  of these
parasites  is  distorted  in one  direction.
FIG.  198.  Two  parasites  attached  to  one  corpuscular  mound.  The  cyto-
plasm  is  distorted and  the  nuclei  are  fused.
FIGS.  199  to  202.  Parasites  with  distorted  chromatin  and  cytoplasm.
PLATE  34.
TERTIAN  PARASITES.  PARASITES  DISTORTED  BY  TECHNIQUE.
Magnification,  X  1,680.
FIG.  203.  A  distorted  and  a  normal  parasite  attached  to  one  corpuscle.
The nucleus of the normal parasite may be seen to project  beyond  the periphery
of the infected  corpuscle at  o.  A careful  scrutiny of the  picture will  show  that
this parasite is on the  under surface  of the infected  corpuscle.
FIG.  204.  A  distorted  parasite.  A  peripheral  corpuscular  mound  may  be
seen at  o.  The distorted  parasite  was  probably  pulled  away from this mound
by  technique,  as  the  mound  is  seen  to  be partly  decolorized.
FIG.  205.  A  normal  ring-form  parasite  from  the  same  specimen  as that
containing  many  of the  distorted  forms.
FIG.  206.  Multiple  infection  of  a  corpuscular  mound.  The  cytoplasm
and chromatin are  distorted.
FIG.  207.  Multiple infection  of a corpuscular  mound by two parasites.  The
cytoplasm  is  distorted.
FIGS.  208  to  223.  Various  types  of  distorted  parasites.
FIGS.  224  and  225.  Two  types  of  distorted  free  parasites.
FIG.  226.  Parasites  with  both  chromatin  and  cytoplasm  distorted.  At  x
two  distorted parasites may be seen occupying one corpuscular mound.
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FIGS.  227 to 230.  Two parasites attached to each corpuscle.  These parasites
are  distorted  in  one  direction.
FIG.  231.  Three  or  more parasites  attached  to one  corpuscle.  These  para-
sites are attached  and distorted in such a manner that it is impossible  to be sure
how  many parasites  are  present.
FIGS.  232  to  236.  Adult  parasites  distorted.  These  parasites  are  flattened
out and  drawn  across the infected corpuscle.  They  correspond  to  the  so called
"bandform" parasites described by many observers as  present in quartan infections.
PLATE 35.
TERTIAN  AND  ESTIVO-AUTUMNAL  PARASITES.
Magnification,  X  1,680.
FIG.  237.  (Corresponds  to  Fig.  18.)  An  astivo-autumnal  parasite  attached
to  a peripheral  corpuscular  mound.  The  nucleus  extends beyond  the periphery
of  the  infected  corpuscle.
FIG.  238.  (Corresponds  to  Fig. 11.)  2Estivo-autumnal  parasites.  Two  are
attached  to  a  peripheral  corpuscular  mound,  and  two  to  a  surface corpuscular
mound.
FIG.  239.  (Corresponds  to  Fig.  32.)  stivo-autumnal  parasites.  One
rests on the periphery  of the corpuscle  with its pseudopodium  overlying  the  red
corpuscle in the form of a loop;  the other is attached to a surface mound.
FIG.  240.  (Corresponds  to  Fig.  38.)  A  tertian  parasite  resting  on  the  pe-
riphery of a corpuscle  with pseudopodia  overlying  the surface  of the corpuscle.
FIG.  241.  (Corresponds  to  Fig.  39.)  A  tertian  parasite  resting  on  the  pe-
riphery of a corpuscle  with  pseudopodia  overlying  the  surface  of  the  corpuscle.
FIG.  242.  (Corresponds  to Fig. 42.)  A tertian  parasite  resting  on  the pe-
riphery of a corpuscle,  attached  to a peripheral  corpuscular mound.
FIG.  243.  (Corresponds  to Fig.  43.)  A tertian  parasite  resting  on  the  pe-
riphery of a corpuscle  with pseudopodia  overlying  the  surface  of the corpuscle.
FIG.  244.  (Corresponds  to Fig.  45.)  A  tertian  parasite  resting  on  the  pe-
riphery of the  corpuscle  with  its  pseudopodium  overlying  the  surface  of  the
infected  corpuscle.
FIG.  245.  (Corresponds  to  Fig.  61.)  A  pigmented  tertian  parasite  resting
on  the  periphery  of  a red  corpuscle  with  pseudopodia  overlying  the  infected
corpuscle.
FIG.  246.  (Corresponds  to  Fig.  62.)  A  pigmented  tertian  parasite  partly
pulled  off a  red  corpuscle.
FIG.  247.  (Corresponds  to Fig. 57.)  A pigmented tertian parasite attaching
itself  to  a fresh  red  corpuscle.
FIG.  248.  (Corresponds  to  Fig.  54.)  A  pigmented  tertian parasite  attach-
ing  itself  to  a  fresh  red  corpuscle.
FIG.  249.  (Corresponds  to  Fig.  52.)  A  pigmented  tertian  parasite  partly
pulled  off  a red  corpuscle  showing degenerative  changes  caused  by the  parasite.
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FIG.  250.  (Corresponds  to  Fig.  63.)  A  pigmented  tertian  parasite  with
its pseudopodium  extending  beyond the  periphery  of the infected  corpuscle.
FIG.  251.  (Corresponds to  Fig. 138.)  stivo-autumnal parasites  with chro-
matin  distorted  by  technique.
FIG.  252.  (Corresponds  to  Fig.  123.)  Astivo-autumnal  parasites.  A free
parasite may  be seen at o.  Distorted parasites  are attached to the corpuscle.
FIG.  253.  (Corresponds  to  Fig.  51.)  A  pigmented  tertian  parasite  partly
pulled  off  the  infected  corpuscle.  The peripheral  mound  to  which  the  parasite
is attached may be  seen at o.  The  corpuscle  shows slight  degenerative  changes
owing  to  the  presence  of  the  parasite.
FIG.  254.  (Corresponds  to  Fig.  48.)
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A  pigmented  parasite  partly pulled
Distorted  aestivo-autumnal  parasites.
Distorted  astivo-autumnal  parasites.
Distorted  aestivo-autumnal  parasites.
Distorted  2astivo-autumnal  parasites.
Distorted  aestivo-autumnal parasites.
Distorted  aestivo-autumnal  parasites.
Distorted  astivo-autumnal parasites.
Distorted  oestivo-autumnal parasties.
Distorted  estivo-autumnal parasites.
An  aestivo-autumnal  parasite  with
the chromatin of the nucleus  drawn out in  a long thread-like  process far beyond
the  periphery  of  the  infected  corpuscle.  This illustrates  the  large  amount  of
chromatin  in  the  nuclei  of young  parasites.
FIG.  265.  (Corresponds  to  Fig.  75.)  A  free  distorted  tertian  ring-form
parasite.
FIG.  266.  (Corresponds  to Fig. 107.)  Distorted chromatin of astivo-autum-
nal  parasites  whose  cytoplasm  has  faded.
FIG.  267.  (Corresponds to Fig.  116.)  Distorted chromatin of aestivo-autum-
nal  parasites  whose  cytoplasm  has  faded.
FIG.  268.  (Corresponds  to  Fig.  103.)  Cytoplasm  of aestivo-autumnal  para-
sites  whose  chromatin  has  faded.
FIG.  269.  (Corresponds  to  Fig.  114.)  Chromatin  dots  (nuclei)  of  estivo-
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